Recognizing the change in regulation of energy consumption may help China to control total energy consumption and realize sustainable development during rapid urbanization and industrialization. This paper re-examined the trans-provincial convergence of per capita energy consumption from 1990-2015 using five different kinds of methods for 30 Chinese provinces. Results show that per capita energy consumption across Chinese provinces was convergent. However, the results obtained by different methods were slightly different. First, it shows a weak beta-unconditional convergence during the entire period, as well as a significant beta-unconditional and conditional piecewise convergence from 1990-2000 and 2001-2015. Second, it shows a significant sigma-convergence indicated by a marked decrease in the standard deviation of logarithm (SDlog) and the coefficient of variation (CV). Third, the kernel density curve became narrower during 1990-2015, indicating that the per capita energy consumption of each Chinese province converged to a common equilibrium level, which was about 80% of the national average. Fourth, the intra-distributional mobility index implied a weak gamma-convergence. Fifth, the first difference of DF (Dickey-Fuller), ADF (Augmented Dickey-Fuller), and PP (Phillips-Perron) unit-root tests all suggested a stochastic convergence. On the whole, the results from this paper contribute to a more in-depth understanding of the status quo of per capita energy consumption in China, as well as a meaningful implication for differentiated energy policies and sustainable development strategies.
Introduction
China, which is the most populous country and the largest energy consumer in the world, is currently facing energy scarcity and environmental degradation due to the increasing energy demands of rapid urbanization and industrialization [1] [2] [3] [4] [5] [6] [7] [8] . In 1990, China's total population was 1143.33 million. It steadily increased to 1374.62 million in 2015, with an average annual growth rate of 0.74%. Meanwhile, the total energy consumption of China increased from 953.84 million tons of coal equivalent (Mtce) in 1990 to 4021.64 Mtce in 2015, with an average annual growth rate of 5.92%. However, the average annual growth rate of China's energy consumption fluctuated greatly. It was 3.99% during the period from 1990-2000, reaching up to 9.32% during the period from 2000-2010, and falling to 3.20% during the period from 2010-2015. Accordingly, per capita energy consumption in China increased unstably from 0.8343 tce in 1990 to 2.9256 tce in 2015, with an average annual growth rate of 5.15%. As China has achieved great successes in population control, the future energy demand may depend chiefly on per capita energy consumption [9, 10] . However, per capita energy consumption in China's different provinces is various due to the differences in economic development levels and energy efficiency [4, 5, [9] [10] [11] . If the gap among Chinese provinces tends to increase, it may cause injustice and welfare loss, and affect the overall energy efficiency. Otherwise, there may be a trans-provincial convergence, i.e., per capita energy consumption in relatively high provinces tends to grow slower or decrease faster, while provinces with lower initial per capita energy consumption will experience more rapid growth, eventually catching up to provinces with higher per capita energy consumption. Therefore, it is easier to implement strict regulations on energy consumption and environment protection in provinces with higher per capita energy consumption. However, for the provinces with relatively low per capita energy consumption, relatively loose policy to control energy consumption had better be adopted. In a theoretical manner, to realize convergence, it may substantially compress the reduction of China's energy consumption while equalizing per capita energy consumption across provinces gradually.
Convergence was originally used in the economic field to judge the state of economic growth [12] . As it lies behind economic policy, a large number of empirical studies on economic convergence have been carried out [13] . Subsequently, it was gradually applied to energy-related indicators, such as energy consumption, energy intensity, carbon dioxide emissions, electricity consumption, and electricity intensity [11, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . However, numerous analyses of energy convergence using various approaches and at different scales have obtained mixed results. Among them, some empirical analyses show convergence while some show divergence. For instance, Liddle [15] used two new large datasets and four econometric measures to confirm the existence of convergence by studying the energy intensity of over 100 countries during the period from 1971-2006, but pointed out that there were geographical differences in convergence, e.g., OECD countries, Eurasian countries, and sub-Saharan African countries showed convergence, while Latin American, Caribbean, Middle Eastearn, and North African countries presented no convergence. Herrerias [16] used a weighted distribution dynamics approach to investigate the convergence of energy intensity in 83 countries during the period from 1971-2008, and found that developing countries may converge at higher ratios, while developed countries may fall into at least two convergence clubs, i.e., the lowest levels and the higher levels of energy intensity. Mulder and Groot [18] used new and unique data to evaluate the structural change and convergence of energy intensity across 18 OECD countries and 50 sectors during the period from 1970-2005, and found evidence for the hypothesis that across sectors, lagging countries are catching-up with leading countries, with rates of convergence that are on average higher in services than in manufacturing. Meng et al. [19] employed newly developed LM (Lagrange Multiplier) and RALS-LM (Residual Augmented Least squares -Lagrange Multiplier) unit root tests with allowance for two endogenously determined structural breaks to examine the convergence of per capita energy consumption among 25 OECD countries during the period from 1960-2010 and found that per capita energy consumption of the OECD countries was significantly convergent. Mishra and Smyth [20] used the panel KPSS (Kwiatkowski, Plillips, Schmidt and Shin) stationarity test and panel Lagrange multiplier (LM) unit root test to confirm the convergence in per capita energy consumption among ASEAN (Association of Southeast Asian Nations) countries during the period from 1971-2011. However, Mohammadi and Ram [23] used several parametric and non-parametric approaches to explore the convergence in per capita energy consumption across the US states during the period from 1970-2013, and concluded that there seemed to be a lack of convergence of per capita energy consumption across the United States. In short, empirical studies related to energy indicators rather than theoretical explanations generally cause the debates in the related literature. The convergences of different countries and regions are controversial.
As for energy-related indicators in China, more studies have been carried out on the convergence of carbon dioxide emissions, energy intensity, and electricity intensity [5, 11, [24] [25] [26] [27] [28] . For instance, Jiang et al. [5] used unconditional and conditional beta convergence, sigma convergence, and kernel density analysis to investigate the convergence of energy intensity in provincial China during the period from 2003-2015, and found that the omission of spatial spillovers underestimated conditional Sustainability 2019, 11, 1431 3 of 15 beta convergence. Huang and Meng [11] developed the spatial convergence model with spatiotemporal effect specification for urban China, and found that per capita carbon dioxide emissions in China increased and converged during the period from 1985-2008. Herrerias and Liu [24] used several unit root tests to explore the stochastic convergence of electricity intensity across Chinese provinces, and found that most Chinese regions converged but a few regions diverged. Wang et al. [25] used the log t-test to investigate the convergence of carbon dioxide emissions in China during the period from 1995-2011, and found evident convergence to three steady state equilibriums at the provincial level while divergence was found at the country level. Zhao et al. [26] used a spatial dynamic panel data model to investigate the convergence of carbon dioxide emission intensities in provincial China during the period from 1990-2010, and found that carbon dioxide emission intensities were convergent across provincial China. Wu et al. [27] employed a continuous dynamic distribution approach and found the convergence of per capita carbon dioxide emissions by panel data of 286 cities in China during the period from 2002-2011. Yu et al. [28] used an environmental performance index method and some convergence models to explore the carbon emissions intensity convergence of 24 industrial sectors in China during the period from 1995-2015, and found a beta-conditional convergence. However, within the scope of our literature retrieval through Web of Science, we only found three studies on the convergence of per capita energy consumption in China. Herrerias et al. [3] used the club convergence analysis to confirm the effect of the regional concentration of economic activity on per capita residential energy consumption across Chinese regions during the period from 1995-2011. Hao et al. [9] investigated the existence of convergence in per capita energy consumption across Chinese provinces with the possible breakpoints during the period from 1985-2012, using static and dynamic regression methods and Chow tests. Hao and Peng [10] employed spatial dynamic econometric models to study the convergence of per capita energy consumption across Chinese provinces during the period from 1994-2014, indicating that there were both unconditional and conditional beta-convergences. In order to contribute to a more in-depth understanding of the status quo of per capita energy consumption in China, we re-examined the convergence of per capita energy consumption across Chinese provinces using five different kinds of methods given by Mohammadi and Ram [23] , including beta-convergence, sigma-convergence, kernel density estimation, gamma-convergence, and stochastic convergence. The overall scenario seems to be a meaningful implication for China's differentiated energy policies and sustainable development strategies.
The rest of the paper is structured as follows. Section 2 describes the data and different methodologies for the convergence of per capita energy consumption across 30 Chinese provinces. In Section 3, we present the empirical results and analysis. In Section 4, we draw our conclusions and explore some policy implications.
Materials and Methods

Data Sources
In this study, we used provincial panel data of China's 30 provincial-level administrative units (except for Tibet, Hong Kong, Macao, and Taiwan) during the period from 1990-2015. The annual data related to population and energy consumption were obtained from the China Statistical Yearbook [29] and China Energy Statistical Yearbook [30] which are openly published by the National Bureau of Statistics of China (NBSC) every year. The meteorological data used in this paper came from the database of the surface meteorological monthly report received by 194 basic datum stations in China's Meteorological Bureau during the period from 1990-2015, which can be obtained on the website http://data.cma.cn.
Beta-Convergence
Beta-convergence is widely used for regional convergence. It has two basic forms, including unconditional convergence and conditional convergence [23] . Specifically, unconditional convergence assumes that all convergent regions have identical basic characteristics and growth paths, and all of them may converge to a common equilibrium level. The form of unconditional convergence is written as follows:
where E 0 and E t are per capita energy consumption in the initial year and in year t, i is the ith province, and u is the random error terms. The presence of convergence would imply a significant negative sign on b, suggesting that if the initial per capita energy consumption is lower, the growth rate will be higher. However, if the initial per capita energy consumption is higher, the growth rate will be lower. The conditional convergence considers that all convergent regions have different basic characteristics and growth paths. Therefore, some main influencing factors are introduced as the conditional variables for Equation (1) . In that context, cooling-degree-days (C) and heating-degree-days (H) may affect per capita energy consumption in each province. Thus, the form of conditional convergence is written as follows:
where C 0i is the cooling-degree-days in the initial year in the ith province. It is the accumulation degree of the daily mean temperature above the base temperature in a year [31] [32] [33] . H 0i is the heating-degree-days in the initial year in the ith province. It is the accumulation degree of the daily mean temperature below the base temperature in a year [31] [32] [33] . The values of the cooling and heating-degree-days for a year is defined as follows:
where N d is the number of days in a year; T i is the daily average temperature; T b is the base temperature; if the average daily temperature is higher than the base temperature, γ d is 1, otherwise it is 0. Specifically, the base temperature for the cooling and heating-degree-days varies across countries/regions depending on many socio-economic and eco-environmental factors [31] [32] [33] . The Ministry of Housing and Urban-Rural Construction of the People's Republic of China released The Design Standard for Energy Efficiency of Residential Buildings in Hot Summer and Cold Winter Zones (JGJ134-2010) in 2010, and set the base temperature at 26 • C and 18 • C, respectively, when calculating the values of the cooling-and heating-degree-days [34] . Therefore, we used them in the calculation.
Sigma-Convergence
Although beta-convergence has been widely used, it is a necessary but not a sufficient condition for regional convergence [23, 35] . Moreover, beta-convergence can only be used to analyze the state of a certain period but cannot analyze the unbalanced situation during this period [32] . However, sigma-convergence can show the changes of horizontal differences and the dynamic process of regional growth imbalance over time. Some scholars have adopted different indexes to calculate sigma-convergence [15, 36] . This paper used both the standard deviation of logarithm (SDlog) and the coefficient of variation (CV). Specifically, the standard deviation of logarithm (SDlog) is expressed as follows:
where E it is per capita energy consumption in the ith province in period t; n is the number of Chinese provinces. The coefficient of variation (CV) is expressed as follows:
where E i is per capita energy consumption in the ith province;Ē is the average value; S is the standard deviation; n is the number of Chinese provinces.
Kernel Density Estimation
The parameter estimations of beta-convergence and sigma-convergence, which need to assume that the data conform to a specific distribution, often bring a large gap between the basic assumption and the practical physical model. However, as a non-parametric way, the kernel density estimation only uses the information of the sample data to avoid influence of the prior knowledge of human subjectivity, by looking at the shapes of the distribution of histograms [15, 37] . Therefore, the kernel density estimation can be proposed to supplement the beta-convergence and the sigma-convergence. By contrast with histograms in different periods, the kernel density estimation can be endowed with properties such as smoothness or continuity by using a suitable kernel. The universal kernel density estimation is defined as follows:
where K is the kernel function, which is essentially a weighting function; K h (x) = K(x/h)/h and h > 0; h is a smoothing parameter called the bandwidth; n is the number of samples. Specifically, a range of kernel functions are commonly used, such as Gaussian, Epanechnikov, uniform, triangular, biweight, triweight, and normal kernel function [38] . The Epanechnikov kernel is optimal in a mean square error sense, and the loss of efficiency is small for the kernels listed previously [39] . Accordingly, the Epanechnikov kernel function was adopted in our study:
where I is an explicit function; when the condition in the parentheses is true, it equals to 1; otherwise it equals to 0. As for the bandwidth h, when it is larger, the probability of samples distributed around the x is more significant, and the estimated function f hˆ( x) means more smoothness but it expands the deviation. Therefore, selection of bandwidth is critical for the practical estimation of kernel density function. There are a lot of methods to approximate the optimal bandwidth, such as ROT (rule of thumb), UCV (unbiased cross-validation), and STE (solves the equation) [40] . In this study, we use Silverman's rule-of-thumb [41] to obtain the optimal bandwidth. The equation of the optimal bandwidth h 0 is as follows:
where S x is the standard deviation (SD) of the samples; n is the number of the samples.
Gamma-Convergence
By using gamma-convergence, we can determine whether the provinces with the highest and lowest per capita energy consumption remain unchanged in a certain period through the mobility of internal distribution [15, 23, 42] . The index of rank concordance ranges from 0 to 1. The closer the index Sustainability 2019, 11, 1431 6 of 15 is to 0, the larger the range of mobility within the distribution. According to Liddle's research [15] , the gamma-convergence index is as follows:
where R(E) it is the rank of the ith province's per capita energy consumption in period t; R(E) i0 is the rank of the ith province's per capita energy consumption in the initial period (year); Variance (R) is the variance of the samples.
Stochastic Convergence
Stochastic convergence is based on the assumption that there is no convergence if the impact of the variable relative to the sample average persists [21, 43] . Therefore, it is necessary to test the existence of the unit-root. The original hypothesis is to reject the existence of unit-root, i.e., the sequence is stable, which means that the series of shocks do not continue and there is a stochastic convergence. If the test does not reject the existence of the unit-root, the sequence is non-stationary, which indicates the existence of persistent shocks and the lack of stochastic convergence. Test of stochastic convergence by unit-root test may be represented via panel data and/or univariate time-series. For instance, Mohammadi and Ram [23] used both the panel unit-root test and the univariate time-series; Hao et al. [9] , Hao and Peng [10] , and Aldy [36] used the panel unit-root test; and Meng et al. [19] , Mishra and Smyth [20] , Fallahi [21] , Herrerias and Liu [24] , and Payne et al. [44] used the univariate time-series. Each kind of unit-root test method has its advantages and shortcomings [21, 44] . In the time-series framework, convergence of per capita energy consumption of each spatial unit toward a benchmark spatial unit is tested by the unit-root tests (i.e., testing unit-root in the log relative per capita energy consumption of each spatial unit to the benchmark spatial unit). The benchmark spatial unit may be another spatial unit or the average sample [21, 44] . Thus, we can test the stochastic convergence for each province of China using the univariate time-series from 1990-2015. However, for simplicity, we used China as a spatial unit and the average sample of 30 Chinese provinces as a benchmark. The equation is as follows:
where y t is the relative per capita energy consumption of China in time t; E t is per capita energy consumption of China in time t; E it is per capita energy consumption in the ith province in time t; and n is the number of Chinese provinces. In this paper, the unit-root test of China's relative per capita energy consumption from 1990-2015 was carried out by EViews 9. In the test, some frequently-used unit-root test methods, including the DF (Dickey-Fuller) and ADF (Augmented Dickey-Fuller) tests proposed by Dickey and Fuller [45] , and the PP (Phillips-Perron) unit-root test proposed by Phillips and Perron [46] were adopted. Generally, if the relative per capita energy consumption defined above follows a stationary process, it means a stochastic convergence [44] . Therefore, according to the above unit-root test methods, if the original time-series are non-stationary, the first or second difference may be used [45, 46] . If the statistical value is less than the critical value, the original hypothesis will be accepted. Otherwise, the original hypothesis will be rejected. Finally, comparison among these three kinds of test results and the results obtained from the other four different kinds of methods may improve the reliability of the conclusion. Table 1 provides a brief description of statistics on per capita energy consumption in Chinese provinces for every five years during the period for 1990-2015. First, there was a substantial increase in the mean of per capita energy consumption across Chinese provinces, which was 0.8476 tce in Figure 1 shows per capita energy consumption in 1990 (the initial year) and 2015 (the latest year), as well as the annual growth rate over the sample period. It suggests that provinces such as Beijing, Shanghai, and Tianjin have the lowest annual average growth rate and the highest initial consumption levels, while provinces such as Hainan, Guangxi, and Jiangxi have the highest annual average growth rate and the lowest initial consumption levels. It also indicates that China's per capita energy consumption is likely to converge. However, it needs to be further verified by quantitative methods. As for the conditional beta-convergence, the results of the overall stage during the period from 1990-2015 in Table 2 show that the regression coefficient b was positive and the p-value was larger 
Results
Descriptive Statistics
Test of Beta-Convergence
As for the unconditional beta-convergence, we first calculated the results of the overall stage during the period from 1990-2015 in Table 2 . As the regression coefficient b was −0.002, which was a negative value, it conforms to the convergence trend predicted in the above description. However, the p-value was 0.928, which is larger than 10%. The coefficient of determination (R 2 ) was close to zero. Taken together, the goodness of fit was very small and the linear relationship in this period was not significant. Subsequently, according to the characteristics of data distribution over time, we found that per capita energy consumptions in China and most provinces increased sharply from It shows that the coefficient of determinations (R 2 ) were 0.361 and 0.555, respectively, and the regression coefficients were both negative and both significant at the 5% level. Therefore, in these two stages, China's per capita energy consumption presents an unconditional beta-convergence with high goodness of fit. Moreover, from the regression coefficients, which were −0.181 and −0.086, respectively, it is seen that the convergence rate from 1990-2000 was relatively fast while that from 2001-2015 was relatively low. As for the conditional beta-convergence, the results of the overall stage during the period from 1990-2015 in Table 2 show that the regression coefficient b was positive and the p-value was larger than 10%. The coefficient of determination (R 2 ) was 0.043. It indicates that the linear relationship in the overall stage was not significant or with poor goodness of fit, and the climate conditions may not affect the convergence of per capita energy consumption across provincial China. However, the regression coefficient b was negative and significant at the 10% level during the period from 1990-2000, suggesting a weak conditional beta-convergence. The regression coefficient b was negative and significant at the 5% level during the period from 2001-2015, suggesting a strong conditional beta-convergence. Considering the impact of climate conditions, per capita energy consumption in Chinese provinces also converges in stages, and the impact of climate conditions during the period from 1990-2000 was a little greater than that during the period from 2001-2015. Table 3 describes the linear parameters in regression analysis for the standard deviation of logarithm (SDlog) and the coefficient of variation (CV) across 30 Chinese provinces. It is seen that the regression coefficients are −0.0032 and −0.7758 respectively and both negative, and the p-values both indicate a significance at 1% level. Therefore, we can also conclude that there is a significant sigma-convergence in per capita energy consumption across 30 Chinese provinces during the period of 1990-2015. 2010, and increased slightly after 2010. It suggests that there was a sigma-convergence as a whole. Meanwhile, the sigma-convergence was more significant during the periods from 1990-1994 and 2001-2010 than in other stages. Table 3 describes the linear parameters in regression analysis for the standard deviation of logarithm (SDlog) and the coefficient of variation (CV) across 30 Chinese provinces. It is seen that the regression coefficients are −0.0032 and −0.7758 respectively and both negative, and the p-values both indicate a significance at 1% level. Therefore, we can also conclude that there is a significant sigmaconvergence in per capita energy consumption across 30 Chinese provinces during the period of 1990-2015. Figure 3 shows the kernel density plots using the ratio of per capita energy consumption to the national average as the horizontal ordinate for every five years during the period from 1990-2015. First, we can see that all four plots maintain a unimodal distribution, and the corresponding horizontal ordinates of the peaks are all around 0.8. It indicates that per capita energy consumption in most Chinese provinces was close to 80% of the national average. Second, the corresponding longitudinal coordinates of the peaks became larger during the period from 1990-2015, i.e., it was less than 0.8 in 1990, around 0.9 in 2000, around 1.1 in 2010, and around 1.2 in 2015. It indicates that per capita energy consumption in more and more Chinese provinces was close to 80% of the national average. Finally, the curve of density distribution gradually became narrower from 1990 to 2015. It indicates that provinces in which per capita energy consumption was lower than 80% of the national average had a higher growth rate so that they approached the peak rapidly, while provinces in which per capita energy consumption was higher than 80% of the national average had a slower growth rate so that they departed from the peak slowly. In short, the gap of per capita energy consumption Notes: These are estimates of b in equations of the form C t = a + bt + u t where C t is the value of standard deviation of logarithms (SDlog), or coefficient of variation (CV) in provincial China, and t takes values from 1 to 30. Figure 3 shows the kernel density plots using the ratio of per capita energy consumption to the national average as the horizontal ordinate for every five years during the period from 1990-2015. First, we can see that all four plots maintain a unimodal distribution, and the corresponding horizontal ordinates of the peaks are all around 0.8. It indicates that per capita energy consumption in most Chinese provinces was close to 80% of the national average. Second, the corresponding longitudinal coordinates of the peaks became larger during the period from 1990-2015, i.e., it was less than 0.8 in 1990, around 0.9 in 2000, around 1.1 in 2010, and around 1.2 in 2015. It indicates that per capita energy consumption in more and more Chinese provinces was close to 80% of the national average. Finally, the curve of density distribution gradually became narrower from 1990 to 2015. It indicates that provinces in which per capita energy consumption was lower than 80% of the national average had a higher growth rate so that they approached the peak rapidly, while provinces in which per capita energy consumption was higher than 80% of the national average had a slower growth rate so that they departed from the peak slowly. In short, the gap of per capita energy consumption among Chinese provinces reduced during the period from 1990-2015, indicating an obvious convergence. 
Test of Sigma-Convergence
Results of Kernel Density Estimation
Test of Gamma-Convergence
Figure 4 reveals gamma-convergence by the intra-distribution mobility index for each year from 1990 to 2015. The plot shows a significant negative slope. However, the decline in the vertical axis of the index is very small. It starts from 1.00 in 1990, and remains above 0.94 in 2015. It indicates very little change in the rankings from the initial year. The decline of the index was both smaller than that for per capita energy consumption across US states during the period from 1970-2013 as shown by Mohammadi and Ram [23] , and that for energy intensity in OECD countries as shown by Liddle [15] from 1960 to 2006, which was interpreted as having little effect on the rankings. Therefore, it may be indicated as a weak gamma-convergence in terms of changes in the ranks of Chinese provinces. [23] , and that for energy intensity in OECD countries as shown by Liddle [15] from 1960 to 2006, which was interpreted as having little effect on the rankings. Therefore, it may be indicated as a weak gamma-convergence in terms of changes in the ranks of Chinese provinces. 
Figure 4 reveals gamma-convergence by the intra-distribution mobility index for each year from 1990 to 2015. The plot shows a significant negative slope. However, the decline in the vertical axis of the index is very small. It starts from 1.00 in 1990, and remains above 0.94 in 2015. It indicates very little change in the rankings from the initial year. The decline of the index was both smaller than that for per capita energy consumption across US states during the period from 1970-2013 as shown by Mohammadi and Ram [23] , and that for energy intensity in OECD countries as shown by Liddle [15] from 1960 to 2006, which was interpreted as having little effect on the rankings. Therefore, it may be indicated as a weak gamma-convergence in terms of changes in the ranks of Chinese provinces. Table 4 shows the DF, ADF, and PP unit-root test results for several lag lengths based on the panel data of per capita energy consumption across 30 Chinese provinces during the period from 1990-2015. As seen in Table 4 , the DF test statistic for relative per capita energy consumption (y t ) was −2.273, which was smaller than the 5% critical value. The p-value was 0.0322, which was smaller than 5%. It indicates that the existence of a unit-root was rejected and the sequence was stationary. However, the ADF and PP test statistics for relative per capita energy consumption (y t ) were both larger than any critical value and the p-values were both larger than 10%. It indicates that the existence of a unit-root was accepted and the sequence was non-stationary. The first differences of relative per capita energy consumption (∆y t ) show that the test statistics were all smaller than any critical value and the p-values were all smaller than 1%. It indicates that the sequence of the first difference was stationary at the 1% significance level. In short, the three kinds of methods for the unit-root test all support the stationary of relative per capita energy consumption after the first difference. It means that there is a stochastic convergence. However, the original time-series are both non-stationary in the ADF and PP unit-root test. It means that there may exist persistent shocks or structural breaks which make the data non-stationary. Through data difference, the series of shocks do not continue and all become stationary. It means that there may exist persistent shocks or structural breaks which can be eliminated by data difference. This result accords with the characteristics of data distribution over time, as well as the results of beta and sigma-convergence test.
Test of Stochastic Convergence
Conclusions and Policy Implications
This paper used five different kinds of methods to explore the convergence of per capita energy consumption across 30 Chinese provinces during the period from 1990-2015, providing a verification and supplement of the methods in the convergence literature, as well as a scientific basis for China's relevant energy policies. The following main conclusions and policy implications were obtained:
(1) Our predominant finding is that per capita energy consumption across Chinese provinces was convergent during the study period. It means that provinces with a higher initial consumption level have lower growth rates of per capita energy consumption, while provinces with lower initial consumption levels have higher growth rates, so that the gap of per capita energy consumption among Chinese provinces gradually narrows. It seems that per capita energy consumption of each Chinese province converges to a common equilibrium level, which is about 80% of the national average. Therefore, the Chinese government could formulate differentiated and targeted policies for different provinces to control energy consumption [47, 48] . Specifically, for the provinces in which per capita energy consumption is lower than 80% of the national average, the energy control target could be relatively loose so that the necessary demand of energy consumption for the economic development could be satisfied. However, for the provinces in which per capita energy consumption is higher than 80% of the national average, strict regulations on energy consumption could be conducted because they have great potentials to reduce energy consumption according to the rules of convergence. (2) The results obtained by different methods were slightly different. It shows a weak beta-unconditional convergence during the entire period, as well as a significant beta-unconditional and conditional piecewise convergence during the periods from 1990-2000 and 2001-2015. The sigma-convergence was significant during the entire period indicated by a marked decline in the standard deviation of logarithm and the coefficient of variation, but it was more significant during the period from 1990-1994 and 2001-2010 than in other stages. The kernel density curve became narrower during the period from 1990-2015, indicating a significant convergence. The intra-distributional mobility index implies a weak gamma-convergence, which means the gap of per capita energy consumption among Chinese provinces was lessened but the ranks of per capita energy consumption across Chinese provinces had little change. The first difference of DF, ADF, and PP unit-root tests suggest a stochastic convergence. In short, the significances of convergence seem a little inconsistent in different periods and different methods. Therefore, it is necessary to real-time monitor the status quo of per capita energy consumption across Chinese provinces, and adjust energy policy and the corresponding development strategy in time. (3) As the convergences detected by the five methods are not all strong, we may consider that the convergence is relatively low. It suggests that the demand for energy consumption in China is still huge. To effectively control the rapid growth of energy consumption, the current economic development pattern and urbanization mode that rely heavily on natural resources and ecological environment [49] [50] [51] [52] should be adjusted. For instance, China should promote the development of a low-carbon economy by accelerating the development of tertiary industry and industries with new technology and high added-values. Meanwhile, energy-intensive firms and industries in the secondary industry should be gradually closed down to adjust and upgrade China's industrial structure. On the other hand, China should continue to take building a resource-saving and environmentally friendly society as a strategic task and pay more attention to saving energy in the household and transportation sectors [53] . Besides, considering the significance of increasing environmental concerns due to the higher share of fossil fuel in total energy-mix around the world and China [54, 55] , renewable energy generation and consumption should be encouraged in China. In such cases, the financial markets will play a vital role on diverting considerable levels of investments into renewable energy projects, and the success of renewable energy projects will also depend on the institutional backup [56, 57] . On the whole, policy makers should fully consider how to speed up the nationwide convergence rate and lay the foundation for further control of China's total energy consumption, as well as adjusting China's energy consumption structure.
